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(54) Stent with different mesh patterns 

(57) An expandable reinforcing mennber with differ- 
ent mesh patterns of the invention is used inside a body 
lumen, especially, in patienfs artery for opening and 
holding a lesion or stenosis. The stent of Ihe invention 
Includes at least one large mesh portion, and a small 
mesh portion connected to the large mesh portion. Tlie 
small mesh portion has a plurality of strands with a size 
smaller than that of the strands of the large mesh por- 
tion. When the stent is delivered into the artery, the 
small mesh portion is positioned at the lesion or the ste- 
nosis, and the large mesh portion is positioned at 
healthy tissues of the artery. Therefore, the small mesh 
portion has enough strength to open and hold the lesion 
or stenosis in the artery, and the large mesh portion 
does not hurt the healthy tissues of the artery. 
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DascrlpUon 

Background of the Invention and Related Art Statement 

[0001 ] The present invention relates to a stent with dif- 
ferent meeh patterns, wherein a mesh pattern at ieast 
one end of the stent is different from that of a midde 
portion thereof. 

[0002] "Stent", which is defined here as a prosthetic 
member used for reinforcing the tdood vesselp has been 
used in the interluminal vascular treatment in place of 
surgical exposing, incising, removing, replacing or 
bypassing a defected Uood vessel required in the con- 
ventional vascular surgery. 

[0003] The stent generally has a tubular shape and 
functions to support a part of a blood vessel or another 
anatomical lumen from the inside thereof, and Is partic- 
ularly suitable for supporting and holding a dissected 
arterial lining which may occlude a fluid passageway by 
collapse thereof. 

[0004] According to the recent new dlnlcal data, how- 
ever, the fbllowings have been found as problems upon 
using the stent. 

[0005] Firstly, when a stent is placed In a stenosis, ft 
extends over the full length of the stenosis. Namely, a 
stent is placed to bridge the whole lesion starling from a 
healthy tissue, lesion, and then to another healtfiy tis- 
sua When a stent, normally made of metal, contacts 
the coronary wall, micro thromboses may occur at the 
contact areas with healthy tissues. As a result, when the 
stent is placed to open and hold the lesion, there are 
more chances of thromboses occurring at both ends of 
the stent oorresponding to the healthy tissues. This b 
because all stents cun'ently known have a uniform pat- 
tern throughout the entire length thereof, i.e. the 
strength and expandabilRy are the same throughout the 
entire length of the stent, including the healthy tissues. 
[0006] In view of the formation of micro thromboses, 
the stent with less metal contact is pr^eraUe. However, 
it is also necessary to have more metal coverage 
against prolapse, i.e. excessive tissue growth passing 
through the stent. 

[0007] Secondly, in the balloon expandable type of the 
stent, the stent in a closed condition is mounted on the 
balloon section of the balloon catheter, and delivered to 
the lesion or stenosis by the balloon catheter. When the 
stent in the dosed condition has the same diameter 
throughout the entire length thereof and delivered 
through a meandering artery in and around the calcified 
lesion, a front end of the stent might be caught at the 
calcified lesion If the diameter at the end is not small 
enough for passing through the calcified lesion or the 
narrow artery. 

[0008] In this respect, if the diameter of the stent in the 
closed condition Is small. It Is possible to pass the nar- 
row artery. However, when the stent is expanded to 
have a large diameter, the expanded stent can not be 
sufficiently supported. On the other hand, if the 



expanded stent is made to sufficiently si^sport the 
artery, the stent must have a large number of supports, 
80 that the stent can not be expanded to have a large 
diameter. 

5 [0009] TherefDre, there Is no conventional stent 
expandable by a balloon catheter, which has a sufficient 
support structure; can expand to have a large diameter; 
and can pass the narrow artery. 
[0010] Accordingly, one object of the invention is to 

10 provide a stent in which a middle portion thereof has 
enough or maximum strength to open and hold the ste- 
nosis or lesion. 

[001 1] Another object of the invention is to provide a 
stent as stated above, wherein end portions of the stent 

75 do not hurt healthy tissues of the artery. 

[001 2] A further object of the invention is to provide a 
stent as stated above, which can be easily delivered 
through the meandering and narrow artery without 
being caught at the calcified lesion or the narrow artery. 

20 [001 3] Further objects and advantages of the inven- 
tion will be apparent from the following description of the 
Invention. 

Summary of the Invention 

25 

[0014] To achieve the albrementioned objects, the 
invention provides an expandable reinforcing mender 
or stent used inside a body lumen, including a large 
mesh portion located at least one end of the reinforcing 
30 member and having a plurality of strands; and a small 
mesh portion located in a middle of the reinforcing 
member and having a plurality of strands with a size 
smaller than that of the strands of the large mesh por- 
tion. In the expandable reinforcing member of the inven- 
ts tion, the small mesh portion is integrally connected to 
the large mesh portion at the end thereof, and the small 
mesh portion has the strands with a number larger than 
that of the strands of the large mesh portion. 
[P015] Preferably, the small mesh portion is located 
40 between the large mesh portions. When the reinforcing 
member is formed, the stent has the constant diameter 
throughout the entire length thereof. Therefore, the 
small mesh portion has spaoes less than the large 
mesh portions. 

45 [001 6] The reinfordng member of the invention is dis- 
posed ever a balloon catheter and is delivered to a 
desired portion Inside the body lumen. Also, the rein- 
forcing member Is expanded by the balloon catheter. 
[001 7] When the reinforcing member or stent is used, 

so the reinforcing member Is disposed on the balloon cath- 
eter. Then, the large diameter portions are pushed over 
t^lloon catheter such that both ends of the reinforcing 
member have the diameter smaller than that at the mid- 
dle portion, i.e. small mesh portion. Accordingly, the 

ss stent can relatively easily pass through the meandering 
and nanrow artery when the reinforcing member is deliv- 
ered by the balloon catheter. 
[0018] After the reinforcing member Is delivered to a 
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Specific portion of the artery, the balloon is expanded to 
enlarge the reinlbrcing member. As a result, the small 
and large mesh portions are substantially equally 
expanded. TTie diameter of the reinforcing member in 
the expanded state Is substantially the same throughout e 
the entire lengfth thereof. 

[0019] SInoe the lesion is supported by the small 
mesh portion, the lesion is well supported t>y the rein- 
forcing member. Since the large mesh portions which 
have supporting strength less than that of the small io 
mesh portion are located under the healthy tissues, the 
supporting strength is not degraded by the large mesh 
portions. Also, since the large mesh portions contact 
the healthy tissues, Itie contact areas of metal are 
reduced. Poesibilrty of forming micro thromboses and i5 
vessel injury is reduced. 

[0020] Preferably, the meshes or strands of the large 
mesh portion may be formed of at least one row of fifst 
joint members and at least two rows of first flexible elon- 
gated members. Tlie meshes or strands of the small 2o 
mesh portion can be also formed of plural raws of sec- 
ond joint members and plural rows of second elongated 
members. Each first elongated member is longer than 
each second elongated member, and the number of the 
first elongated ment)ere is less than that of the second ^ 
elongated members. 

[0021 ] Still further, in the stent fomied of the second 
joint members and the second flexible elongated mem- 
bers, each row of the second elongated members is sit- 
uated between adjacent two rows of the second joint 3o 
members and arranged circularly around the central 
axis. Also, the second elongated members in each row 
are inclined substantially In the same direction and diag- 
onally with an acute angle with respect to a line on a 
surface of the reinfordng member parallel to the central ss 
axis of the reinforcing member. The second ebngated 
members in two rows sandwiching one row of the sec- 
ond joint members are arranged substantially symmetri- 
cally relative to the one row of the second joint 
members. Accordingly, when a radial force is applied ^ 
from an inside of the reinforcing member, the second 
elongated members are expanded relative to the sec- 
ond joint members to have an ot^tuse angle with respect 
to the aforementioned line on the sur^ce of the reinforc- 
ing member fo thereby allow the reinforcing member to 4S 
have a second diameter larger than the first diameter, 
[0022] Preferably, the second diameter is two to five 
times larger than the first diameter. 

Brief Description of the Drawings so 

[0023] 

Fig. 1 is an explanatory plan view of a stent in a flat 
sheet form according to a first embodiment of the ss 
present invention; 

Fig. 2 is an explanatory side view of the stent In a 
circular form; 



Fig. 3 is a side view of the etent mounted on a bal- 
loon catheter; 

Rg. 4 is a side view of the stent in an expanded 
condition in the artery; 

Fig. 5 Is a plan view of a stent In a flat sheet form 
according to a second embodiment of the invention; 
Fig. 6 is an explanatory side view of the stent In a 
circular form; and 

Fig. 7 is an enlarged explanatory side view of a part 
of the stent In an expanded form of the second 
embodimmt of the invention. 

Detailed Description of Preferred Embocfiments 

[0024] A first embodiment of the present invention will 
be explained with reference to Figs. 1 through 4. 
10025] Numeral 1 designates a stent of a first eml3od- 
iment of the invention, arrd the stent 1 has a cylindrical 
shape having a mesh pattern as shown In a plan view of 
Fig. 1 cut into a flat sheet form. TTie stent has large 
mesh portions 2 at both ends thereof, and a small mesh 
portion 3 having meshes or strands with a size compar- 
atively smaller than those of the large meeh portions 2. 
The small mesh portion 3 constitutes a middle portion of 
the stent between the large m^ portions 2, as shown 
in Fig. 2. 

[0026] Namely, a mesh &ze of the stent 1 is varied 
from the center to the ends of the stent A smaller mesh 
size is used in the center of the stent, where the main 
lesion is located in order to have a more metal coverage 
when the stent 1 is introduced in the artery The small 
mesh portion 3 provides more radial strength and less- 
ens a chance of prolapse, which b a growth of 
unwanted tissues. Both ends of the stent 1, which are 
usually positioned on the healthy artery wall, have a 
larger mesh slza TTils wDI help reducing micro lesions 
on the healthy tissue where neither high metal coverage 
nor radial strength is required. 
10027] The stent 1 of the invention is delivered and 
expanded by a balloon catheter, which is known in the 
art, to thereby locate the stent 1 In the desired location 
in the artery, such as a lesion. As shown in Fig. 3, the 
collapsed stent 1 is mounted on a balloon section 4 of a 
balloon catheter 5. Namely, when the stent 1 is mounted 
on the balloon section 4, both ends of the stents are 
FNJShed or squeezed Inwardly to have a shape like a 
football because of the larger mesh size thereof. This 
minimizes the exposure of the edges. Since a shape of 
the stent 1 in the collapsed condition is like a football, 
when the stent 1 mounted on the balloon catheter 5 is 
being delivered in the meandering narrow body lumen, 
such as an artery, the forward end of the stent 1, i.e. 
large mesh portion 2, is not caught on the narrow part 
such as the calcified lesion. Therefore, the stent 1 can 
be delivered In and around the lesion easily 
[0028] When the stent 1 is boated in and around a 
lesion 6 by the balloon catheter 5, the balloon section 4 
is inflated to expand the stent 1 to be a condition as 
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Shown in Fig. 4, so that the stent 1 has the same diam- 
eter throughout the entire length. Since the ends of the 
stent 1 are formed of the large mesh portions 2, the 
strength at the ends Is not strong or excessive as com- 
pared to the middle portion of the stent 1 formed of the 
small mesh portion 3. As shown in Fig. 4, the smaD 
mesh portion 3 of the middle portion has enough 
strength to open and hold the lesion 6 of the artery, and 
the large mesh portions 2 do not hurt healthy tissue 
parts 7 of the artery sinoe the strength at the large mesh 
portions 2 is not excessive. 

[0029] In regard to the mesh size, length and dimen- 
sion, they may be selected as desired as long as the for- 
ward end of the stent 1 has the mesh size larger than 
that at the middle portion when it is installed on the bal- 
loon catheter Preferably when the stent 1 is installed 
on the balloon catheter, the diameter Dt of the stent 1 at 
the large mesh portion 2 is half of the diameter D2 of the 
stent 1 at the small mesh portion 3. 
[0030] By referring to Figs. 5 through 7, a second 
embodiment of the invention will be explained as fol- 
lows. As shown In Fig. 5. a stent V of the second 
embodiment of the invention has a cylindrical shape 
having a mesh pattern as shown in a plan view of Fig. 5 
cut into a flat sheet form. The stent 1' also has a small 
mesh portion 3* and large mesh portions 2'. The small 
mesh portion 3' is formed of U-shaped joint members 8, 
and elongated members 9, 10 connected to both sides 
of the joint member 8. The U-shaped joint members are 
arranged circularly around a center axis of the stent V 
and are spaced along the center axis thereof. The elon- 
gated members 9, 10 in one joint member 8 are con- 
nected to two Joint members 8 adjacent thereta 
[0031] The large mesh portion 2' is formed of U- 
shaped joint members, and elongated members, similar 
to the smal mesh portion 3*. However, the shape and 
the arrangement of the U-shaped joint members and 
the elongated members are slightly different. Namely, 
the U-staped joint menters have joint members 11,12 
same as the joint member 8. and joint members 11', 
11", 13'. 13". The joint members 11', 13' are the same, 
and the joint members 1 1 ", 13" are the same. The elon- 
gated members have short elongated members 14, 14', 
15, 15', 16, 17, 18, and long elongated members 19. 
The short elongated members 14, 15, 16, 17 are the 
same as the elongated members 9, 10. The short elon- 
gated members 1 4, 1 4*, 1 5, 15* are disposed among the 
joint members 11, 11', 12, and the short elongated 
members 16, 1 7 are disposed among the joint members 
12, 13', 13". The long elongated members 19 extend 
from the joint members 12, and the short elongated 
members 18 extend from the joint members 13', 1 3'*. 
[0032] As shown in Figs. 5 and 6, the large mesh por- 
tion 2* is formed similar to the small mesh portion 3', 
from which parts of the joint members 8 and the elon- 
gated members 9, 10 are removed. The small mesh 
portion 3' of the stent 1* has similar structure and oper- 
ation as in US. Patent Application Serial Na 



08/702,167 filed on August 23, 1996, and the stent of 
the aforementioned application is referred to in the 
application. 

[0033] Also, the stent 1* is mounted over the balloon 

5 catheter as in the first embodiment, and delivered 
through the meandering and narrow artery When the 
stent V in a closed condition Is mounted on the balloon 
catheter, the diameter at the large mesh portion 2\ i.e. 
the end of the stent r, is also smaller than that of the 

10 small mesh portion 3', i. e. the middle portion of the stent 
r, as in the first embodiment, so that the stent 1 * can be 
delivered to the lesion easily and smoothly 
[0034] When the stent 1 * is expanded, the elongated 
members connected to the ends of the joint member 

IS expand mainly so as to become the expanded condition 
as shown in Fig. 7. Preferably, the stent 1 * is constructed 
such that the diameter D3 of the stent V In the dosed 
conditicn is one-forth of the diameter D4 of the stent 1' 
In the expanded condition. 

20 [0035] Although in the embodiments of the invention, 
a variable mesh pattern was used to construct the stent, 
a variable spiral pattern can be alternatively used to 
construct the stent. 

[0036] Alsa the stent can be coated wHh medication 
25 anticoagulant such as heparin. 

[0037] Further, the stent can be coated wtth polymer, 
so that blood becomes difficult to be coagulated. Prefer- 
ably, the stent is coated with polymer impregnated with 
medication. 

so [0038] Furthermore, the stent can be made of metal 
with spring abilily or memory expanding metal for self 
expansion. 

[0039] Acooidlng to the present Invention, since the 
stent has variable mesh sizes at the middle portion and 

35 end portions, in other words, the end portions have a 
mesh size larger than that of the middle portion, when 
the stent is expanded in the artery, the stent has enough 
strength at the middle portion corresponding to Ihe 
lesion to thereby open and hold the same, and also the 

40 end portions of Ihe stent corresponding to the location 
of the healthy tissues in the artery have appropriate 
strength, which is not so strong as that of the middle 
portion. Therefore, the stent of the Invention can suc- 
cessfully open and hold the lesion, and at the same 

45 tims, the ends of the stent do not hurt the healthy tis- 
sues. 

[0040] Also, according to the present invention, when 
the stent Is disposed or collapsed on the balloon cathe- 
ter, a shape of the stent is lil«e a football having tapered 

50 ends thereof. Therefore, while the stent Is being deDv- 
ered into the lesion through the meandering artery the 
ends of the stent are not caught anywhere, especially at 
the calcified lesion, so that the stent can be delivered to 
the desired location easily 

55 [0041] While the invention has been explained with 
reference to the specific embodiments of the invention, 
the explanation is Illustrative and the invention Is limited 
only by the appended claims. 
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Claims 

1 . An expandable reinforcing member, oomprieing: 

at least one large mesh portion located one 6 
side of the reinforcing member and having a 
piuralHy of strands, and 
a email meeh portion connected to the larger 
mesh portion, said small mesh portion having a 
plurality of strands wHh a size smaller than and io 
a number larger than those of the strands of the 
large mesh portion. 

2. An expandable reinfbrcing member according to 
claim 1 , wherein said expandable reinforcing mem- is 
ber includes two large mesh portions disposed at 
two lateral ends of the small mesh portion. 

3. An expandable reinforcing member according to 
claim 1, wherein said reinforcing member has a ^ 
cylindrical shape, and the large mesh portion is col- 
lapsible to taper from the small mesh portion. 

4. An expandable relnlbrcing member according to 
claim 1 , wherein said at least one larger mesh per- 2S 
tion is formed of drcularty arranged first joint mem- 
bers and etongated members connected to the first 
joint members, said smaller mesh portion being 
formed of plural rows of circularly arranged second 
joint members and plural rows of circularly so 
arranged second elongated members, each of said 
first elongated members being longer than each of 
sM second elongated members. 

5. An expandable reinfbrcing member according to ss 
daim 4, wherein said each row of the second elon- 
gated members is situated between adjacent two 
rows of the second joint members and arranged cir- 
cularly around a central axis of the reinfbrcing 
member, said second elongated members in each 40 
row being inclined substantially in a same direction 
and diagonally with an acute angle with respect to a 
line on a surface of the reinforcing member parallel 

to the central axis of the reinforcing member, each 
of said second elongated members connecting two 46 
of the second joint members situated in adjacent 
two rows of the second joint ment)ers, said second 
elongated members in two rows sandwiching one 
row of the second joint members being arranged 
substantially symmetrically relative to said one row so 
of the second joint members so that when a radal 
force is applied from an inside of the reinfbrcing 
member, the second elongated members are 
expanded relative to the second joint members to 
have an obtuse angle with respect to said line on ss 
the surface of the reinfbrcing member to thereby 
allow the reinforcing member to have a second 
diameter larger than a first diameter. 



6. An expandable reintordng member acconJing to 
claim 5, wherein the second diameter of the rein- 
forcing member Is about four times larger than the 
first diameter. 
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